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© A surging prediction device for a centrifugal 
compressor (100) has a differential pressure detector 
(13) and a controller (14). The detector (13) detects 
a differential pressure between a hub side pressure 
in the vicinity of an inlet of a diffuse/ (4) in the 
centrifugal compressor (100) and a shroud side 
pressure in the vicinity of the inlet of the diffuser (4). 
The controller (14) compares the detected differen- 
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tial pressure from the detector (13) with a set dif- 
ferential pressure beforehand set so as to be lower 
than a surging differential pressure between the hub 
side pressure and the shroud side pressure at an 
occurrence time of surging, and outputs a surging 
signal predicting an occurrence of surging when the 
detected differential pressure becomes higher than 
the set differential pressure. 
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A SURGING PREDICTION DEVICE FOR A CENTRIFUGAL COMPRESSOR 



BACKGROUND OF THE INVENTION 

The present invention relates to a surging pre- 
diction device for a centrifugal compressor and to a 
refrigeration apparatus using the surging prediction 
device. 

In the case where there takes place the surging 
in a centrifugal compressor, there has been con- 
ventionally provided an arrangement for detecting 
this surging and preventing the compressor from 
surging, for example, by lowering the discharge 
pressure thereof. The surging detection is effected, 
for example, by a device shown in a block diagram 
of Fig. 13 (refer to Japanese Patent Application 
Publication No. 58-15639). The device is com- 
posed of a pressure detector 301 for detecting an 
abrupt discharge pressure drop connected to the 
discharge line 302, a surging detection circuit 303 
for detecting surging upon receiving an output of 
the pressure detector 301 when there is an abrupt 
pressure drop within a predetermined set time, and 
a surging preventing device 304 operating in re- 
sponse to a signal from the surging detection cir- 
cuit 303 indicating the occurrence of surging. 

However, in the conventional arrangement, 
since the surging detection is effected by the surg- 
ing detection circuit 303 based on an abrupt drop 
of the discharge pressure detected by the pressure 
detector 301, the detection of surging can be made 
only after the surging has actually occurred, and it 
is impossible to control so as to prevent surging 
before the occurrence thereof. Further, since the 
discharge pressure varies in a capacity control 
type centrifugal compressor wherein the capacity 
control thereof is made possible, there is a problem 
that the arrangement is not applicable to a capacity 
control type centrifugal compressor. Furthermore, 
there is also a problem that the structure of the 
arrangement is complicated, resulting in the cost 
increase. 

Therefore, there is provided another surging 
prevention arrangement which has, as shown in 
Fig. 14, a measuring means 311 for measuring an 
input power (current) to a motor 312 of a centri- 
fugal compressor 313, and a comparator 314 for 
comparing an input power or current measured by 
the measuring means 31 1 with the reference power 
or current set based on a predetermined discharge 
pressure or predetermined volume and discharge 
pressure and for predicting surging in comparison 
of the input power (current) with the reference 
power (current) so as to operate a surging prevent- 
ing valve 315 (refer to Japanese Utility Model Ap- 
plication Laid-open publication No. 63-31292). More 
specifically, the arrangement is such that the open- 



ing ratio of the suction vane in the centrifugal 
compressor 313 is detected through the input cur- 
rent to the motor 312, the surging prevention valve 
315 which is provided on a bypass line 316 by- 

s passing a pressure reducing valve (not shown) is 
opened based on the vane opening ratio so as to 
bypass hot gas through the bypass line 316. 
whereby the amount of work by the centrifugal 
compressor 313 is reduced and the apparent vol- 

10 ume thereof is increased so as to prevent the 
surging without stopping the centrifugal compres- 
sor 313. 

In the surging prevention arrangement, how- 
ever, although the surging line is predicted through 

75 measurement of the input power (current) and the 
relationship between the input power and the dis- 
charge pressure, since the head wherein surging 
will take place is related not only with the dis- 
charge pressure but also with the ratio of the 

20 discharge pressure to the suction pressure, name- 
ly, the compression ratio, the error will increase 
when the suction pressure fluctuates. Furthermore, 
in the case where surging is predicted based on 
the volume and the discharge pressure, though the 

25 change in the volume approximates to the change 
in the input power (current), since the approximat- 
ing relationship varies depending on the voltage 
fluctuations, there is an error developed, resulting 
in a problem that a correct detection of surging can 

30 not be made. 

Furthermore, in the case where the adiabatic 
head (kcal/kg) rises in the centrifugal compressor 
313 due to, for instance, the adhesion of scale in 
the piping of the refrigeration system or mixing of 

35 air into the refrigerant circulating the refrigeration 
system, the regulation of the suction vane opening 
ratio can not cope with the surging and before the 
surging prevention valve is operated, the centri- 
fugal compressor 313 may reach the suerging 

40 area. 

Therefore, in the actual operation , the follow- 
ing procedures are required to prevent the centri- 
fugal compressor 313 from surging. 

Fig. 15 shows a occurrence state of surging in 

45 a capacity control type centrifugal compressor by 
taking an adiabatic head (kcal/kg) in the ordinate 
and a volume (m 3 /min) in the abscissa. When the 
centrifugal compressor 313 is set so that the surg- 
- ing prevention valve 315 is opened, for example, at 

50 the vane opening ratio of 40%, the adiabatic head 
may rise to reach a point (P) above the surging line 
(SL) due to adhesion of scale onto the refrigeration 
piping. Therefore, in the actual operation it is nec- 
essary to set the vane opening ratio wherein the 
surging prevention valve 315 is opened, for exam- 
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pie, at the vane opening ratio of 60%, taking the 
head rise due to the scale adhesion into consider- 
ation. 

For this reason, the lower limit of the suction 
vane opening ratio can not be lowered below 60%, 
resulting in a problem that the lower operation limit 
of the capacity control for the compressor 313 
becomes higher. 

SUMMARY OF THE INVENTION 

Accordingly, a first object of the present inven- 
tion is to provide a surging prediction device which 
is simple in construction and is capable of correctly 
predicting the surging before the occurrence there- 
of irrespective of the mode of capacity control 
making the discharge volume variable and ir- 
respective of the fluctuations in the discharge pres- 
sure. 

The inventor of the present invention has dis- 
covered that in a centrifugal compressor, as the 
compressor operation approaches, in the volume- 
adiabatic head coordinates area, the surging line 
which is the boundary of the surging area, the flow 
at the impeller outlet becomes turbulent, namely, a 
phenomenon that the pressure difference between 
the axial direction hub side pressure and the axial 
direction shroud side pressure at the diffuser inlet 
confronting the impeller outlet increases will take 
place. In other words, it has been found that when 
the centrifugal compressor is operated in a con- 
dition sufficiently away from the surging line, the 
flow at the impeller outlet is steady without turbu- 
lence, and therefore, the differential pressure be- 
tween the axial direction hub side pressure and the 
axial direction shroud side pressure becomes ap- 
proximately zero, while, as the operating condition 
approaches the surging line, the differential pres- 
sure will increase, namely, there is a correlation 
between the differential pressure and the surging. 

In order to accomplish the above-mentioned 
first object, the surging prediction device for a 
centrifugal compressor according to the present 
invention has been made based on the new finding, 
and the surging prediction device for a centrifugal 
compressor according to the. present invention 
comprises, in a centrifugal compressor including an 
impeiter mounted on a shaft and a housing which 
accommodates the impeiter and a diffuser formed 
so that an inlet of the diffuser confront an outer 
periphery of the impeller, 

a hub side pressure detection means for detecting 
a hub side pressure which is a fluid pressure on a 
first wall of the diffuser in one direction of the shaft 
in the vicinity of the inlet of the diffuser; 
a shroud side pressure detection means for detect- 
ing a shroud side pressure which is a fluid pres- 
sure on a second wall of the diffuser in the other 



direction of the shaft in the vicinity of the inlet of 
the diffuser; 

a differential pressure detection means which is 
connected to the hub side pressure detection 
5 means and the shroud side pressure detection 
means, and detects a differential pressure there- 
between; and 

a control means which receives a signal represent- 
ing the detected differential pressure from the dif- 

10 ferential pressure detection means, and compares 
the detected differential pressure with a set dif- 
ferential pressure beforehand set so as to be lower 
than a surging differential pressure between the 
hub side pressure and the shroud side pressure at 

rs an occurrence time of surging, and outputs a surg- 
ing signal predicting an occurrence of surging 
when the detected differential pressure becomes 
higher than the set differential pressure. 

When the differentia] pressure between the hub 

20 side pressure and the shroud side pressure on the 
surging line is obtained by an experiment, the 
differential pressure remains almost the same, as 
shown in Fig. 4 showing the relationship between 
the adiabatic head and the differential pressure, as 

25 with 100% capacity, even if the suction vane open- 
ing ratio is changed from 10%, 20%, 40%, to 80%, 
with a differential pressure of 0.28 kg/cm 2 being 
held in the present example. 

Therefore, by detecting this differential pres- 

30 sure, it is possible to detect the surging point in 
accordance with the above-mentioned capacity 
control, and by setting the set differential pressure, 
for example, of o.26 kg/cm 2 in the control means 
so as to be lower than the differential pressure at 

35 the occurrence of surging. It is possible to preven- 
tively detect the occurrence of surging before the 
occurrence thereof irrespective of the operating 
capacfty. 

Furthermore, since the surging detection is 

40 conducted based on the detected differential pres- 
sure and the differential pressure on the surging 
line is not changed by the fluctuations in the suc- 
tion pressure, the surging prediction device is ca- 
pable of correctly predicting the occurrence of 

45 surging without being affected by the fluctuations in 
the suction pressure. 

A second object of the present invention is to 
provide a surging prediction device which is simple 
in construction and capable of correctly predicting 

50 the time point when the surging will take place so 
as to prevent the surging from occurring. 

In order to accomplish the second object of the 
present invention, the surging prediction device for 
a centrifugal compressor according to the present 

55 invention comprises, in a centrifugal compressor 
including an impeller mounted on a shaft and a 
housing which accommodates the impeller and a 
diffuser formed so that an inlet of the diffuser 
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confronts an outer periphery of the impeller, 
a hub side pressure detection means for detecting 
a hub side pressure which is a fluid pressure on a 
first wall of the diffuser in one direction of the shaft 
in the vicinity of the inlet of the diffuser; 
a shroud side pressure detection means for detect- 
ing a shroud side pressure which is a fluid pres- 
sure on a second wall of the diffuser in the other 
direction of the shaft in the vicinity of the inlet of 
the diffuser; 

a differential pressure detection means which is 
connected to the hub side pressure detection 
means and the shroud side pressure detection 
means, and detects a differential pressure there- 
between; 

a control means which receives a signal represent- 
ing the detected differential pressure from the dif- 
ferential pressure 'detection means, and calculates 
a pressure gradient with respect to time in the 
detected differential pressure, and calculates pre- 
dicted occurrence time of surging based on the 
pressure gradient, the detected differential pres- 
sure and a surging differential pressure between 
the hub side pressure and the shroud side pres- 
sure which is beforehand detected at an occur- 
rence time of surging, and outputs a signal repre- 
senting the predicted occurrence time of surging; 
and 

a display means which receives a signal represent- 
ing the predicted occurrence time of surging from 
the control means and displays the predicted oc- 
currence time of surging. 

The differential pressure between the shroud 
side pressure and the hub side pressure in the 
centrifugal compressor is detected by the differen- 
tia! pressure detection means and inputted into the 
control means, whereby the gradient of the change 
in the differential pressure with respect to time is 
calculated by the control means. The occurrence 
time of surging is predicted based on the gradient, 
the detected differential pressure and the surging 
differential pressure, and the predicted occurrence 
time of surging is correctly displayed by the dis- 
play means, so that a surging prevention counter- 
measure can be carried out based on the predicted 
occurrence time of surging displayed by the dis- 
play means. More specifically, the surging in the 
centrifugal compressor generally takes place when 
air is mixed into the refrigeration piping, or scales 
adhere to the refrigeration piping, or the amount of 
cooling water passing through a condenser of the 
refrigeration system is reduced. Therefore, the 
surging can be prevented from occurring through 
operation of a air-removing pump, removal of 
scales, or adjustment of the amount of cooling 
water. 

Furthermore, a third object of the present in- 
vention is to provide a surging prevention device 
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for a centrifugal compressor which is capable of 
automatically preventing the surging with a simple 
construction. 

In order to accomplish the third object of the 

5 present invention, the surging prevention device 
according to the present invention comprises, in a 
centrifugal compressor including an impeller moun- 
ted on a shaft, a housing which accommodates the 
impeller and a diffuser formed so that an inlet of 

w the diffuser confronts the outer periphery of the 
impeller, suction vanes and a vane opening adjust- 
ment mechanism for adjusting opening ratio of the 
suction vanes, 

a hub side pressure detection means for detecting 
is a hub side pressure which is a fluid pressure on a 
first wall of the diffuser in one direction of the shaft 
in the vicinity of the inlet of the diffuser; 
a shroud side pressure detection means for detect- 
ing a shroud side pressure which is a fluid pres- 
20 sure on a second wall of the diffuser in the other 
direction of the shaft in the vicinity of the inlet of 
the diffuser; 

a differential pressure detection means which is 
connected to the hub side pressure detection 
25 means and the shroud side pressure detection 
means, and detects the differential pressure there- 
between; and 

a control means which receives a signal represent- 
ing the detected differential pressure from the dif- 

30 ferential pressure detection means, and compares 
the detected differential pressure with a set dif- 
ferential pressure beforehand set so as to be lower 
than a surging differential pressure between the 
hub side pressure and the shroud side pressure at 

35 an occurrence time of surging, and outputs a signal 
for controlling an opening of the suction vane in 
opening direction to the vane opening adjustment 
mechanism when the detected differential pressure 
becomes higher than the set differential pressure. 

40 According to the above-described structure, 

when the centrifugal compressor approaches the 
surging occurrence area, a operation signal is ap- 
plied to the vane opening adjustment mechanism 
from the control means so as to control the suction 

45 vanes in the opening direction, and as the suction 
vanes move in the opening direction, the adiabatic 
head of the centrifugal compressor departs further 
from the surging line, whereby the surging of the 
centrifugal compressor is automatically avoided. 

so Furthermore, a fourth object of the present 
invention is to provide a refrigeration apparatus 
which is capable of correctly detecting the ap- 
proach to the surging line irrespective of the suc- 
tion vane opening ratio, capable of bypassing hot 

55 gas without being affected by scale adhesion, and 
capable of expanding the operation lower limit zone 
by reducing the surging allowance. 

In order to accomplish the fourth object of the 



4 



EP 0 435 294 A2 



present invention, in a refrigeration apparatus hav- 
ing a centrifugal compressor including an impeller 
mounted on a shaft and a housing accommodating 
the impeller and a diffuser formed so that an inlet 
of the diffuser confronts an outer periphery of the 
impeller, a condenser, a pressure reducing means 
and an evaporator sequentially connected by a 
refrigerant piping, and a hot gas bypass Hne having 
a hot gas bypass valve arranged so as to connect 
the condenser to the evaporator, the refrigeration 
apparatus according to the present invention com- 
prises: 

a hub side pressure detection means for detecting 
a hub side pressure which is a fluid pressure on a 
first wall of the diffuser in one direction of the shaft 
in the vicinity of the inlet of the diffuser; 
a shroud side pressure detection means for detect- 
ing a shroud side pressure which is a fluid pres- 
sure on a second wall of the diffuser in the other 
direction of the shaft in the vicinity of the inlet of 
the diffuser; 

a differential pressure detection means which is 
connected to the hub side pressure detection 
means and the shroud side pressure detection 
means, and detects the differential pressure there- 
between; and 

a control means which receives a signal represent- 
ing the detected differential pressure from the dif- 
ferential pressure detection means, and compares 
the detected differential pressure with a set dif- 
ferential pressure beforehand set so as to be lower 
than a surging differential pressure between the 
hub side pressure and the shroud side pressure at 
an occurrence time of surging, and outputs an 
operation signal for opening the hot gas bypass 
valve when the detected differential pressure be- 
comes higher than the set differential pressure. 

According to the above-described structure, the 
differential pressure between the hub side pressure 
and the shroud side pressure in the centrifugal 
compressor is detected by the differential pressure 
detection means, and when the detected differen- 
tial pressure approaches the surging differential 
pressure at the occurrence time of surging, that is, 
the detected Differential pressure becomes higher 
than the set differential pressure, the operation 
signal is applied to the bypass valve from the 
control means so as to open the bypass valve, 
whereby a part of high pressure gas is bypassed to 
the suction side of the centrifugal compressor by- 
passing the pressure reducing means so as to 
reduce the work amount of the compressor and 
increase the apparent volume thereby to prevent 
surging. Therefore, in the case of the capacity 
control operation, since the surging differential 
pressure at the occurrence of surging is almost 
constant irrespective of the vane opening ratio, 
when the set differential pressure is set lower than 



the surging differential pressure and the operation 
signal is applied to the hot gas bypass valve from 
the control means upon the detected differential 
pressure's reaching the set differential pressure. 

5 even in any capacity operation case, namely, ir- 
respective of the vane opening ratio, it is possible 
to correctly predict the occurrence of surging 
based on the detected differential pressure and 
prevent the centrifugal compressor from surging by 

70 controlling the hot gas bypass valve before the 
occurrence of surging. Accordingly, since the al- 
lowance for the surging can be reduced whereby 
the vane opening ratio can be made smaller, result- 
ing in the expansion of the operation lower limit 

is zone. 

BRIEF DESCRIPTION OF THE DRAWINGS 

The present invention will become more fully 
20 understood from the detailed description given 
hereinbelow and the accompanying drawings which 
are given by way of illustration only, and thus are 
not limitative of the present invention, and wherein: 
Fig. 1 is a sectional view of a surging prediction 
25 device according to a first embodiment of the 
present invention; 

Rg. 2 is a sectional view of an essential portion 
of the first embodiment shown in Rg. 1 ; 
Rg. 3 is a graph showing a relationship between 
30 a delivery volume and an adiabatic head; 

Rgs. 4 and 5 are graphs showing the relation- 
ship between the detected differential pressure 
between the hub side pressure and the shroud 
side pressure of a diffuser of a centrifugal com- 
as pressor pressure and the adiabatic head; 

Rg. 6 is a block diagram of a refrigeration 
apparatus using the above-described surging 
prediction device; 

Rg. 7 is a circuit diagram of a refrigeration 
40 apparatus using a surging prevention device ac- 
cording to a second embodiment of the present 
invention; 

Fig. 8 is a sectional view of a centrifugal com- 
pressor according to the second embodiment; 

45 Fig. 9 (a) is a block diagram showing an essen- 
tial portion of the centrifugal compressor accord- 
ing to the second embodiment; 
Rg. 9 (b) is a block diagram showing an essen- 
tial portion of the other embodiment; 

so Rg. 10 is a flow-chart showing the control pro- 
cedure of the second embodiment; 
Rg. 11 is a flow-chart showing the sub-routine 
for controlling the suction vanes; 
Rg. 12 is a circuit diagram of a refrigeration 

55 apparatus according to a third embodiment of 
the present invention; 

fig. 13 is is a explanatory drawing for a conven- 
tional example; 
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Fig. 14 is a circuit diagram of a conventional 
refrigeration apparatus; and 
Fig. 15 is a graph showing a relationship be- 
tween the delivery volume and the adiabatic 
head for explaining the conventional occurrence 
state of surging. 

DETAILED DESCRIPTION OF PREFERRED EM- 
BODIMENTS 

Before the description of the present invention 
proceeds, it is to be noted that like parts are 
designated by like reference numerals throughout 
the accompanying drawings. 

( first embodiment ) 

A fundamental structure of a centrifugal com- 
pressor shown in Fig. 1 is well known and arranged 
so that an impeller 3 having a hub 3a is rotatably 
mounted o on the central portion of a housing 1 
through a gear mount assembly interlocking the 
impeller 3 with a motor (not illustrated), a diffuser 4 
having a hub side inlet wall and a shroud side inlet 
wall is arranged so as to confront the outlet 3b of 
the impeller 3, with a set of guide vanes 5 being 
installed inside the inlet 3c of the impeller 3 so as 
to control the delivery volume by a motor 6. 

Meanwhile, in Fig. 1 , reference numeral 7 des- 
ignates a gear coupling, reference numeral 8 is a 
gear pump, reference numeral 9 designates an oil 
piping, and reference numeral 10 is a discharge 
pipe. 

Further, as shown in Rgs. 1 and 2, there are 
provided openings near the inlet of the diffuser 4 
for a passage feeding the hub side pressure, 
namely, a hub side conduit pipe 11, and for a 
passage feeding the shroud side pressure, namely, 
a shroud side conduit pipe 12 and these conduit 
pipes 11 and 12 are connected to a differential 
pressure detector 13 as a differential pressure de- 
tection means so as to detect a differential pres- 
sure between the hub side pressure and the 
shroud side pressure. A controller 14 as a control 
means for outputting a surging signal when the 
detected differential pressure becomes a set pres- 
sure lower than the surging differential pressure at 
the occurrence of surging is further connected to 
the differential pressure detector 13. 

Based on the surging differential pressure be- 
tween the hub side pressure and the shroud side 
pressure on a surging line (SL), that is, the surging 
differential pressure at the occurrence of surging 
(in this example, 0.28 kg/cm 2 ), this controller 14 is 
set at a set differential pressure (0.26 kg/cm 2 ), 
namely, the reference value, which is somewhat 
lower than the surging differential pressure (0.28 
kg/cm 2 ), and is provided with a comparator 14a for 



comparing the set differential pressure with a de- 
tected differential pressure. And the controller 14 is 
arranged to output a surging signal when the de- 
tected differential pressure reaches the set dif- 

5 ferential pressure. 

In the above-described structure, by driving the 
motor 6 to control the opening ratio of the vane 5, 
the delivery volume m 3 /min (discharge volume) is 
adjusted. This volume decreases, as shown by 

10 curves, namely, volume lines in Fig. 3, with the 
increase in the adiabatic head kcal/kg so as to 
approach the surging line (SL), and when the vol- 
ume line crosses the surging line (SL), the surging 
takes place. 

75 Meanwhile, the detected differential pressure 

between the hub side pressure and the shroud side 
pressure increases as the volume line for each 
vane opening ratio approaches the surging line 
(SL), and the surging differential pressure AP on 

20 the surging line (SL) becomes almost the same 
differential pressure (in this example, 0.28 kg/cm 2 ) 
irrespective of the opening ratio of the vane 5, as 
shown in Ftg. 3. 

More specifically, as shown in Fig: 4. the flow 

25 in the inlet portion of the diffuser 4 is distorted with 
the increase in adiabatic head and the detected 
differential pressure AP between the hub side pres- 
sure and the shroud side pressure near the inlet of 
diffuser 4 is increased. In centrifugal compressors 

30 of the same model, although the mode of the 
increase of the differential pressure AP differs in 
each of the vane openings of 10%, 20%, 40%, 
80% and 100%, the differential pressure increases 
in any case, and the surging takes place above a 

35 predetermined differential pressure (0.28 kg/cm 2 ). 

Furthermore, in a centrifugal compressor hav- 
ing, for example, a diffuser of a different shape, the 
detected differential pressure AP increases with the 
increase in adiabatic head (kcal/kg), as shown in 

40 Fig. 5. In this case, the detected differential pres- 
sure wherein the surging takes place is 0.38 
kg/cm 2 and is different from that for the centrifugal 
compressor as shown in Fig. 4. 

Therefore, by obtaining the surging differential 

45 pressure (for example, 0.28 kg/cm 2 which is shown 
by a solid Pne (SL) in Fig. 3) at the occurrence of 
surging and by setting a set differential pressure 
(for example, 0.26 kg/cm 2 which is shown by a 
dotted line in Fig. 3) a little lower than the surging 

so differential pressure, it is possible to correctly pre- 
dict a surging before the occurrence thereof in 
accordance with the adiabatic head corresponding 
to the delivery volume irrespective of the vane 
opening ratio. In other words, since the adiabatic 

55 head at which the surging takes place is decreased 
by the decrease in the delivery volume and the 
surging line (SL) changes as shown in Fig. 3. 
Therefore, if an adiabatic head for a particular 
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delivery volume is taken as a set value at which set 
value the surging does not occur, the surging will 
take place at the same adiabatic head when the 
delivery volume is decreased, and the surging can 
not be prevented. However, by detecting the dif- 
ferential pressure, the surging point corresponding 
to the delivery volume (m 3 /min) according to a 
vane opening ratio can be detected, and a surging 
prediction signal indicating a zone immediately be- 
fore the occurrence of surging can be outputted in 
accordance with the delivery volume and adiabatic 
head on the surging line (SL), whereby it becomes 
possible to correctly predict the surging in spite of 
capacity control and securely prevent the surging. 

Next, a method for using the surging prediction 
device of the above-described structure will be 
explained. 

(A) When a surging prediction signal is output- 
ted from the surging prediction device, the cen- 
trifugal compressor is stopped to prevent the 
surging. 

(B) In the refrigeration circuit including the cen- 
trifugal compressor, as shown in Fig. 6, a hot 
gas bypass line 22 bypassing an expansion 
valve 21 is provided so as to bypass hot gas by 
opening a solenoid valve 23 mounted on the 
bypass line 22 by an output of the surging 
prediction signal, whereby the work amount of 
the centrifugal compressor 100 is reduced and 
the apparent delivery volume is increased and 
thus the surging is prevented without stopping 
the centrifugal compressor 20. In Fig. 6, refer- 
ence numerals 24 and 25 are a condenser, and 
an evaporator, respectively. 

(C) The opening of the vanes 5 is controlled in 
the direction of wider opening based on an 
output of surging prediction signal so as to 
prevent the surging without stopping the centri- 
fugal compressor 100. Alternatively, the number 
of revolutions of the centrifugal compressor 100 
may be changed so as to prevent the surging. 

(D) A warning buzzer or lamp is actuated based 
dn an output of surging signal. 

In this case, as the cause for the occurrence of 
surging, since there are many cases where air 
enters the refrigeration cycle system, resulting in 
increase in the adiabatic head, an air extraction 
pump is manually operated, or the compressor is 
manually stopped upon operation of the warning 
buzzer or lamp. 

As described above, since the present inven- 
tion comprises the differential pressure detector 13 
for detecting the differential pressure between the 
hub side pressure and the shroud side pressure in 
the vicinity of the inlet of the diffuser 4, and the 
controller 1 4 for outputting a surging signal when a 
detected differential pressure becomes higher than 
a set pressure set so as to be a little lower than the 



surging differential pressure at the occurrence of 
surging, that is, the present invention is arranged to 
predict the surging point by detecting the differen- 
tial pressure between the hub side pressure and 

5 the shroud side pressure in the vicinity of the inlet 
of the diffuser, even when the operating capacity is 
changed, K becomes possible to detect the surging 
point corresponding to the delivery volume, and 
therefore, it becomes possible to detect an ar- 

io bitrary prevention line before the surging irrespec- 
tive of an operating capacity, to predict with a high 
accuracy the occurrence of surging, and thereby to 
certainly prevent the occurrence thereof. 

Furthermore, since the differential pressure is 

75 not changed by the fluctuations in the suction pres- 
sure, it is possible to correctly predict the occur- 
rence of surging without being affected by the 
suction pressure fluctuation. Moreover, since it is 
only required to detect the differential pressure 

20 between the hub side pressure and the shroud side 
pressure, the present invention has an advantage 
that the structure can be simplified. 

( Second Embodiment ) 

25 

Fig. 7 shows a refrigeration system employing 
a centrifugal compressor, in which a centrifugal 
compressor 100, a condenser 102, a pressure re- 
ducing device 103 and an evaporator 104 are se- 

30 quentially connected through a refrigeration piping. 
To the condenser 102, a heating air conditioner 
202 for making hot water through heat-exchange 
with the refrigerant passing through the condenser 
102, and also a cooling tower 203 for cooling the 

35 refrigerant passing through the condenser 102 are 
connected, while to the evaporator 104, there is 
connected a cooling air conditioner 204 for produc- 
ing chilled water through heat exchange with the 
refrigerant passing through the evaporator 104. 

40 As shown in detail in Fig. 8, an impeller 3 

having a hub 3a is rotatably supported on the 
central portion of the housing 1 of the centrifugal 
compressor 100. The impeller 3 is driven by a gear 
mount assembly interlocked with a motor (not 

45 shown) through a shaft 33, and toward the outlet 3b 
of the impeller 3, a diffuser 14 is arranged, while 
suction vanes 5 are arranged on the inlet 30 of the 
housing 1 , and the opening of the suction vanes 5 
are adjusted by the vane opening adjustment 

so mechanism 6 consisting of a motor, whereby the 
capacity control operation for the centrifugal com- 
pressor 100 may be made possible. In Fig. 8, 
reference numeral 7 shows a gear coupling, refer- 
ence numeral 8 shows an oil pump, reference 

55 numeral 9 designates an oil piping, and reference 
numeral 10 designates a discharge pipe. 

In the above-described refrigeration system 
employing the centrifugal compressor 100, as 
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shown in detail in Figs. 8 and 9 (a), there are 
provided near the inlet of the diffuser 4 in the axial 
direction thereof ports respectively for a hub side 
conduit pipe 11 a shroud side conduit pipe 12, 
which respectively communicate the hub side pres- 
sure and the shroud side pressure. The respective 
conduit pipes 11 and 12 are connected to a dif- 
ferential pressure detector 13. The output side of 
the differential pressure detector 13 is connected to 
a controller 106. The controller 106 calculates the 
change in the differential pressure between the hub 
side pressure and shroud side pressure detected 
by the detector 13 so as to predict the occurrence 
time of surging based on the change in the dif- 
ferential pressure. On the output side of the con- 
troller 106, there is connected a display 107 for 
displaying a predicted occurrence time of surging 
calculated by the controller 106. Based on the 
predicted occurrence time of surging, a air extrac- 
tion pump (not shown in figures) is operated to 
extract air in the refrigeration piping, the scales 
attached to the refrigeration piping are removed, or 
further the amount of cooling water from the cool- 
ing tower 203 to the condenser 102 are adjusted, 
whereby the surging is prevented from occurrence 
thereof. 

Furthermore, the controller 106 is connected to 
a driver 108 which is arranged to output an opera- 
tion signal to the vane opening adjustment mecha- 
nism 6, upon receiving a signal from the controller 
1 06 when the differential pressure between the hub 
side pressure and the shroud side pressure de- 
tected by the differential pressure detector 13 ap- 
proaches the surging differentia! pressure for oc- 
currence of surging, so as to forcibly control the 
opening of the vanes 5 in the opening direction, 
whereby when the centrifugal compressor 100 ap- 
proaches the surging occurrence area, the driver 
108 outputs to the vane opening adjustment 
mechanism 6 an operation signal so as to operate 
the vanes 5 in the opening direction, whereby the 
adiabatic head of the centrifugal compressor 100 is 
moved away from the surging line (SL) so as to 
avoid the surging automatically (see Fig. 3). 

Fig. 3 shows a state of surging occurrence of a 
capacity control type centrifugal compressor with 
adiabatic head (kcal/kg) being taken on the ordinate 
and delivery volume (m 3 /min) being taken on the 
abscissa. The delivery volume in the centrifugal 
compressor 100 is controlled by the setting of the 
opening of the vanes 5, and in the capacity control 
operation of the compressor 100 corresponding to 
the setting of the opening of vanes 5, accompany- 
ing the adiabatic head increase, the delivery vol- 
ume line for each of the vane opening settings 
10% to 100% approaches the surging line (SL), 
and when an operation point along the volume line 
exceeds the surging line (SL), the surging takes 



place in the centrifugal compressor 100. 

Meanwhile, the differential pressure between 
the hub side pressure and the shroud side pres- 
sure increases as the operation point along each 
5 volume line approaches the surging line (SL) and 
the differential pressure on the surging line (SL) 
becomes almost the same differential pressure (in 
Fig. 3, 0.28 kg/cm 2 ) irrespective of the vane open- 
ing setting. 

10 In other words, as the adiabatic head (kcal/kg) 

of the centrifugal compressor 100 rises, the flow 
velocity distribution in the inlet portion of the dif- 
fuser 4 becomes non-uniform and thereby the de- 
tected differential pressure between the hub side 

75 pressure and the shroud side pressure in the vi- 
cinity of the inlet thereof increases, and although 
the changes in the detected differential pressure 
are different in respective vane opening settings of 
10%, 20%, 40%, 80%, and 100%, in the centri- 

20 fugal compressor of the same model, the differen- 
tial pressure increases in any vane opening setting 
and the surging takes place in a area exceeding a 
predetermined differential pressure (for example, 
0,28 kg/cm 2 ). 

25 Furthermore, even in a centrifugal compressor 

having a diffuser of a different shape, as shown in 
Fig. 5, the differential pressure corresponding to 
each vane opening setting increases with the rise 
in adiabatic head, and the differential pressure for 

30 the occurrence of surging is 0.38 kg/cm 2 in this 
case. 

Therefore, the differential pressure between the 
hub side pressure and the shroud side pressure in 
the diffuser 4 at the occurrence time of surging is 

35 beforehand obtained for various kinds of centrifugal 
compressors so as to be stored in the memory in 
the controller 106, and the gradient of the differen- 
tial pressure with respect to time in the diffuser 4 
detected by the differential pressure detector 13 is 

40 obtained by the controller 106, whereby the pre- 
dicted surging occurrence time is calculated based 
on the current and detected differential pressure, 
the surging differential pressure at the occurrence 
time of surging, and the gradient, and this pre- 

45 dieted occurrence time is displayed on the display 
107, and the surging prevention measures are tak- 
en based on the display. 

Further, the surging differential pressure at the 
occurrence time of surging is beforehand obtained, 

50 and a set differential pressure lower than this surg- 
ing differential pressure on the surging line (SL) is 
set. For example, when the surging differential 
pressure on the surging line (SL) is 0.28 kg/cm 2 as 
shown in Fig. 3, the set differential pressure is 0.26 

55 kg/cm 2 as shown by a dotted line in Fig. 3. The 
controller 106 compares a measured differential 
pressure between the hub side pressure and the 
shroud side pressure in the diffuser 4 with the set 
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differential pressure, and when the measured dif- 
ferentia! pressure reaches the set differential pres- 
sure, the driver 108 connected to the controller 106 
outputs an operation signal to the vane opening 
adjustment mechanism 6 so as to forcibly open s 
wider the vanes 5, whereby as is clear from Fig. 3, 
the adiabatic head of the compressor 100 is moved 
away further from the surging line (SL) thus to 
automatically avoid the surging. Further, since the 
differentia! pressure on the surging line (SL) is to 
constant regardless of the opening setting of the 
vane, and the opening wider operation for the 
vanes 5 is conducted by the controller 106, when 
the surging line is approached in any capacity 
control operation, for example, in the case of a is 
capacity control operation of 10% vane opening 
setting as shown in Fig. 3, the vane wider opening 
operation is conducted by the controller 106 so as 
to prevent surging from occurring in the centrifugaJ 
compressor 100, and therefore, the continuous op- 20 
erating time for the centrifugal compressor 100 can 
be elongated. 

Next, the above operation in the controller 106 
will be explained with reference to a flow-chart 
shown in Fig. 10. 25 

First, in the steady operation (step S2) accom- 
panying a start (step S1), the shroud side pressure 
P10 and the hub side pressure P20 are read in by 
the controller 106 at step S3, and thereafter at step 
S4, an initial setting is effected. In this setting, 30 
counter i=0, the surging detected differential pres- 
sure on the surging line AP™,*, a differential pres- 
sure between the shroud side pressure and the 
hub side pressure measured at start of the opera- 
tion API = ABS (absolute valueXPto - P20), an 35 
alarm output differential pressure for outputting an 
alarm AP*. a set differential pressure set so as to 
be a little tower than the surging differential pres- 
sure APmax, namely, AP max x N wherein N<1 are 
inputted. Next, after effecting the Initial setting, a 40 
time of minute order AT is set by a timer and the 
counter is set at i - i + 1 at step S5. Further at 
step S6, the shroud side pressure Pu and hub side 
pressure P21 at each time are read in. Thereafter, at 
step S7, based on the detected differential pres- 45 
sure APi = ABS (P t i - Pa) at each time, the 
differential pressure change (pressure gradient) m 
= (Pi 1 - PaVAT is calculated by the controller 106 
and based on this calculation result, the predicted 
occurrence time of surging T = (APmax - APiym is so 
calculated and displayed on the display 107 at step 
S8. Next, at step S9, it is judged whether or not the 
detected differential pressure APi is higher than the 
alarm output differential pressure AP a j and in the 
case where it is not higher, the routine from step 55 
S5-S8 is repeated, while in the case where it is 
higher, at step S10, a surging alarm is displayed 
on the display 107 or other display device, or at 



294 A2 16 



step S11, an air extraction pump is driven. Further, 
in the case where it is higher at step S9, it is 
judged at step 12 whether or not the detected 
differential pressure APi is lower than the set dif- 
ferential pressure AP^ x N, and in the case of 
"yes", the control of vanes 5 is effected at step 
S13, while in the case of "no. it is judged at step 
S14 whether the detected differential pressure APi 
is higher than the set differential pressure AP^ x 
N or equal, and in the case of "no", the routine 
from step S5 is repeated, while in the case of 
"yes", the centrifugal compressor 100 is stopped 
at step 15 on the judgement that a dangerous area 
is reached, with the stopping being displayed on 
the display 107. 

Furthermore, the vane control at step S13 is 
effected based on the sub-routine as shown in Fig. 
11. More specifically, first at step S21. the current 
vane opening setting $k wherein k = 0 is read in, 
and then at step S22. it is judged whether the 
detected differential pressure APi is higher than the 
alarm output differential pressure AP a i or not, and 
in the case of "no", the routine from the step 21 is 
repeated, while in the case of "yes", the vane 
opening setting £k = + A$ (opening setting 
change amount) is set at step S23, and thereafter, 
the motor current IM of the centrifugal compressor 
is read in at step S24, and then, it is judged at step 
S25 whether the motor current is smaller than the 
rated current l st multiplied by a factor 1.05 or not, 
and in the case of "yes", the routine from the step 
21 is repeated, while in the case of "no", the vane 
opening setting at step S25 is maintained at step 
S26. 

As described hereinabove, the surging preven- 
tion device according to the present invention com- 
prises a differentia} pressure detector 13 for detect- 
ing the differential pressure between the shroud 
side pressure and the hub side pressure in a 
centrifugal compressor 100. a controller 106 for 
calculating the pressure gradient with respect to 
time from the detection result of the differential 
pressure detector 13 and for calculating and pre- 
dicting the occurrence time of surging based on 
the pressure gradient, the detected current dif- 
ferential pressure and the surging differential pres- 
sure at the occurrence of surging, and a display 
107 for displaying the predicted occurrence time of 
surging calculated by the controller 106. Therefore, 
it is possible to correctly predict the occurrence of 
surging in the centrifugal compressor 100 and dis- 
play the occurrence time on the display 107 for 
preventing certainly the occurrence of surging 
based on this display. 

Further, the surging prevention device accord- 
ing to the present invention is provided with a vane 
opening adjustment mechanism 6 for adjusting the 
suction vane opening setting and a driver 108 
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which is arranged to output an operation signal to 
the vane opening adjustment mechanism 6 upon 
receipt of a signal from the controller 106 when the 
differential pressure between the shroud side pres- 
sure and the hub side pressure approaches the 
surging differential pressure at the occurrence of 
surging so as to control the vane opening setting in 
the wider opening direction. Therefore, when the 
compressor 100 approaches the surging occur- 
rence area, the vanes are operated in the wider 
opening direction by the vane opening adjustment 
mechanism 6 so as to move the adiabatic head in 
the compressor 100 away from the surging line 
(SL), whereby the surging of the compressor 100 
can be automatically avoided. 

(Third Embodiment) 

Fig. 12 is a block diagram showing a refrigera- 
tion system employing a centrifugal compressor 
100, in which the centrifugal compressor 100, a 
condenser 102, an expansion valve 103 and an 
evaporator 104 are sequentially connected through 
refrigerant piping, with the outlet side of the evap- 
orator 104 being connected to the suction side of 
the centrifugal compressor 100. In the high pres- 
sure side of the centrifugal compressor 100, that is, 
between the inlet of the condenser 102 and the 
inlet of the evaporator 1 04, there is provided a hot 
gas bypass line 106 including a hot gas bypass 
valve 105 so as to supply a part of high pressure 
gas discharged from the centrifugal compressor 
100 to the evaporator 104 by bypassing the expan- 
sion valve 103 through the hot gas bypass Cne 106 
by the opening operation of the hot gas bypass 
valve 105, whereby the work amount of the centri- 
fugal compressor 100 is reduced and thereby the 
surging is prevented. 

The centrifugal compressor 100, differential 
pressure detector 13 and the controller 14 are 
constructed as shown in Figs. 1 and 2. 

The controller 14 is connected to the hot gas 
bypass valve 105. When the differential pressure 
between the hub side pressure and the shroud side 
pressure which Is detected by the differential pres- 
sure detector 13 approaches the surging differential 
pressure at the occurrence of surging, an operation 
signal is applied to the hot gas bypass valve 105 
from the controller 14 so as to open the hot gas 
bypass valve 105. 

The differential pressure between the hub side 
pressure and the shroud side pressure at the oc- 
currence of surging in the centrifugal compressor 
100 is obtained, and a set differential pressure 
lower than the differential pressure on the surging 
line, for example, 0.26 kg/cm 2 as shown by a 
dotted line in Fig. 3 when the differential pressure 
on the surging line is 0.28 kg/cm 2 as shown by a 
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solid line in Fig. 3, is set so as to be compared 
with the measured differential pressure between 
the hub side pressure and the shroud side pres- 
sure in the diffuser 4 detected by the differential 
5 pressure detector 13. and when the measured dif- 
ferential pressure reaches the set differential pres- 
sure, a signal is applied from the controller 14 to 
the hot gas bypass valve 105 so as to open the 
bypass valve 105 and thereby to prevent surging of 

10 the centrifugal compressor 100. Therefore, since 
the differential pressure on the surging line is al- 
most constant regardless of the opening setting of 
the vanes 5, and the hot gas bypass valve 105 is 
controlled based on a set differential pressure low- 

is er than the surging differential pressure, in any 
capacity control operation, for example, even in the 
case of capacity control operation of 10% vane 
opening setting, the surging of the centrifugal com- 
pressor 100 can be certainly prevented irrespective 

20 of the vane opening setting and the continuous 
operating time of the centrifugal compressor 100 
can be elongated. Furthermore, since it is not nec- 
essary to make allowances for the effect of adhe- 
sion of scale as in the conventional example, the 

25 vane opening setting is controllable down to a 
small opening, and as a result, the lower operating 
zone of the centrifugal compressor 100 is expand- 
ed and a capacity control operation in a wide range 
becomes possible. 

30 As described hereinabove, in the refrigeration 

apparatus according to the present invention, a 
differential pressure detector 13 for detecting the 
differential pressure between the shroud side pres- 
sure and the hub side pressure in the centrifugal 

35 compressor 100, and a controller 14 for o inputting 
an operation signal when the differential pressure 
approaches the surging differential pressure at the 
occurrence time of surging based on the detection 
result of the detector 13 are provided and a con- 

40 troller 14 is connected to a hot gas bypass valve 
105. Therefore, when the detected differential pres- 
sure approaches the surging differential pressure at 
the occurrence time of surging, the hot gas bypass 
valve 105 is opened, whereby the surging of the 

45 centrifugal compressor 100 can be prevented from 
occurring without being affected by the adhesion of 
scale. Furthermore, since the hot gas bypass valve 
105 is opened based on the the differential pres- 
sure irrespective of the vane opening and therefore 

so it is not necessary to make allowances for the 
effect of the adhesion of scale as in the conven- 
tional example, the lower operation limit area can 
be expanded with the result that a capacity control 
operation in a wide range is made possible. 

55 Fig. 9 (b) shows a block diagram of an essen- 

tial part of the other embodiment. In Fig. 9 (b), a 
numeral 71 designates a pressure sensor to detect 
a pressure of the first wall of the diffuser 4, and a 
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numeral 72 designates a pressure sensor to detect 
a pressure on the second wall of the diffuser 4. 
The pressure detectors 71, 72 are electrically con- 
nected to the differential pressure ditector 93 
through wires 82. 83 respectively. The function of 
the device in Rg. 9 (b) is the same as that In Rg. 9 
(a), except for the difference between the electrical 
transmission of the signals representing pressures 
to the differential pressure detector 93 and the 
direct transmission of the pressures to the differen- 
tial pressure detector 13. 

The invention being thus described, it will be 
obvious that the same may be varied in many 
ways. Such variations are not to be regarded as a 
departure from the spirit and scope of the inven- 
tion, and all such modifications as would be ob- 
vious to one skilled in the art are intended to be 
included within the scope of the following claims. 

Reference signs in the claims are intended for 
better understanding and shall not limit the scope. 

Claims 

1. In a surging prediction device for a centrifugal 
compressor including an impeller (3) mounted 
on a shaft (33) and a housing (1) which accom- 
modates the impeller (3) and a diffuser (4) 
formed so that an inlet of the diffuser (4) 
confronts an outer periphery of the impeller 

(3) , the surging prediction device for a centri- 
fugal compressor comprising: 

a hub side pressure detection means (11) for 
detecting a hub side pressure which is a fluid 
pressure on a first wall of the diffuser (4) in 
one direction of the shaft (33) in the vicinity of 
the inlet of the Diffuser (4); 
a shroud side pressure detection means (12) 
for detecting a shroud side pressure which is a 
fluid pressure on a second wall of the diffuser 

(4) in the other direction of the shaft (33) in the 
vicinity of the inlet of the diffuser (4); 

a differential pressure detection means (13) 
which is connected to the hub side pressure 
detection means (11) and the shroud side 
pressure detection means (12), and detects a 
differential pressure therebetween; and 
a control means (14) which receives a signal 
representing the detected differential pressure 
from the differential pressure detection means 
(13), and compares the detected differential 
pressure with a set differential pressure before- 
hand set so as to be lower than a surging 
differential pressure between the hub side 
pressure and the shroud side pressure at an 
occurrence time of surging, and outputs a 
surging signal predicting an occurrence of 
surging when the detected differential pressure 
becomes higher than the set differential pres- 



sure. 

2. The surging prediction device for a centrifugal 
compressor in accordance with Claim 1, 

5 wherein the hub side pressure detection 

means (11) is a conduit passage (11) opened 
on the first wall of the diffuser (4), and the 
shroud side pressure detection means (12) is a 
conduit passage (12) opened on the second 

w wall of the diffuser (4), and the differential 

pressure detection means (13) is a differential 
pressure detector (13) connected to both the 
conduit passages (11, 12). 

75 3. The surging prediction device for a centrifugal 
compressor in accordance with Claim 1, 
wherein the hub side pressure detection 
means (71) is a pressure sensor (71) to detect 
a pressure on the first wall of the diffuser (4), 

20 and the shroud side pressure detection means 

(72) is a pressuure sensor (72) to detect a 
pressure on the second wall of the diffuser (4), 
and the. differential pressure detection means 
(93) is a differential pressure detector (93) 

25 electrically connected to both the pressure 

sensors (71, 72). 

4. In a surging prediction device for a centrifugal 
compressor including an impeller (3) mounted 
30 on a shaft (33) and a housing (1) which accom- 

modates the impeller (3) and a diffuser (4) 
formed so that an inlet of the diffuser (4) 
confronts an outer periphery of the impeller 

(3) , the surging prediction device for a ceritri- 
35 fugal compressor comprising: 

a hub side pressure detection means (11) for 
detecting a hub side pressure which is a fluid 
pressure on a first wall of the diffuser (4) in 
one direction of the shaft in the vicinity of the 
40 inlet of the diffuser (4); 

a shroud side pressure detection means (12) 
for detecting a shroud side pressure which is a 
fluid pressure on a second wall of the diffuser 

(4) in the other direction of the shaft (33) in the 
4S vicinity of the inlet of the diffuser (4); 

a differential pressure detection means (13) 
which is connected to the hub side pressure 
detection means (11) and the shroud side 
pressure detection means (12), and detects a 

so differential pressure therebetween; 

a control means (106) which receives a signal 
representing the detected differential pressure 
from the differential pressure detection means 
(13), and calculates a pressure gradient with 

55 respect to time in the detected differential 

pressure, and calculates predicted occurrence 
time of surging based on the pressure gra- 
dient, the detected differential pressure and a 
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surging differential pressure between the hub 
side pressure and the shroud side pressure 
which is beforehand detected at an occurrence 
time of surging, and outputs a signal repre- . 
senting the predicted occurrence time of surg- 5 
ing; and 

a display means (107) which receives a signal 
representing the predicted occurrence time of 
surging from the control means (106) and dis- 
plays the predicted occurrence time of surg- w 
ing. 

5. In a surging prevention device for a centrifugal 
compressor including an impeller (3) mounted 

on a shaft (33), a housing (1) which accom- is 
modates the impeller (3) and a diffuser (4) 
formed so that an inlet of the diffuser (4) 
confronts the outer periphery of the impeller 

(3) , suction vanes (5) and a vane opening 
adjustment mechanism (16) for adjusting open- 20 
ing of the suction vanes (5). the surging pre- 
vention device for a centrifugal compressor 
comprising: 

a hub side pressure detection means (11) * or 
detecting a hub side pressure which is a fluid 25 
pressure on a first wall of the diffuser (4) in 
one direction of the shaft (33) in the vicinity of 
the inlet of the diffuser (4); 
a shroud side pressure detection means (12) 
for detecting a shroud side pressure which is a 30 
fluid pressure on a second wall of the diffuser 

(4) in the other direction of the shaft (33) in the 
vicinity of the inlet of the diffuser (4); 

a differential pressure detection means which 
is connected to the hub side pressure detec- 35 
tion means (11) and the shroud side pressure 
detection means (12), and detects the differen- 
tial pressure therebetween; and 
a control means (106) which receives a signal 
representing the detected differential pressure 40 
from the differential pressure detection means 
(13), and compares the detected differential 
pressure with a set differential pressure before- 
hand set so as to be lower than a surging 
differential pressure between the hub side 45 
pressure and the shroud side pressure at an 
occurrence time of surging, and outputs a sig- 
nal for controlling an opening of the suction 
vanes (5) in opening direction to the vane 
opening adjustment mechanism (6) when the so 
detected differential pressure becomes higher 
than the set differential pressure. 

6. The surging prevention device for a centrifugal 
compressor in accordance with Claim 5, 55 
wherein the control means (106) calculates a 
pressure gradient with respect to time in the 
detected differential pressure, and calculates 
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predicted occurrence time of surging based on 
the pressure gradient, the detected differential 
pressure and the surging differential pressure 
between the hub side pressure and the shroud 
side pressure and outputs a signal represent- 
ing the predicted occurrence time of surging, 
and further comprising a display means (107) 
which receives a signal representing the pre- 
dicted occurrence time of surging from the 
control means (106), and displays the pre- 
dicted occurrence time of surging. 

7. In a refrigeration apparatus having a centrifugal 
compressor including an impeller (3) mounted 
on a shaft (33) and a housing (1 ) accommodat- 
ing the impeller (3) and a diffuser (4) formed 
so that an inlet of the diffuser (4) confronts an 
outer periphery of the impeller (3), a con- 
denser (102), a pressure reducing means (103) 
and an evaporator (104) sequentially connect- 
ed by a refrigerant piping, and a hot gas 
bypass line (106) having a hot gas bypass 
vah/e (105) arranged so as to connect the the 
condenser (102) to the evaporator (104), the 
refrigeration apparatus comprising: 

a hub side pressure detection means (11) for 
detecting a hub side pressure which is a fluid 
pressure on a first wall of the diffuser (4) in 
one direction of the shaft in the vicinity of the 
inlet of the diffuser (4); 

a shroud side pressure detection means (12) 
for detecting a shroud side pressure which is a 
fluid pressure on a second wall of the diffuser 
(4) in the other direction of the shaft in the 
vicinity of the inlet of the diffuser (4); 
a differential pressure detection means (13) 
which is connected to the hub side pressure 
detection means (11) and the shroud side 
pressure detection means (12), and detects the 
differential pressure therebetween; and 
a control means (14) which receives a signal 
representing the detected differential pressure 
from the differential pressure detection means 
(13), and compares the detected differential 
pressure with a set differential pressure before- 
hand set so as to be lower than a surging 
differential pressure between the hub side 
pressure and the shroud side pressure at an 
occurrence time of surging, and outputs an 
operation signal for opening the hot gas by- 
pass valve (105) when the detected differential 
pressure becomes higher than the set differen- 
tial pressure. 

8. In a surging prevention device for a centrifugal 
compressor including an impeller (3) mounted 
on a shaft (33). a housing (1) which accom- 
modates the impeller (3) and a diffuser (4) 
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formed so that an inlet of the diffuser (4) 
confronts the outer periphery of the impeller 

(3) . suction vanes (5) and a vane opening 
adjustment mechanism (16) for adjusting open- 
ing of the suction vanes (5), the surging pre- 5 
vention device for a centrifugaJ compressor 
comprising: 

a hub side pressure detection means (11) for 
detecting a hub* side pressure which is a fluid 
pressure on a first wall of the diffuser (4) in 10 
one direction of the shaft (33) in the vicinity of 
the inlet of the diffuser (4); 
a shroud side pressure detection means (12) 
for detecting a shroud side pressure which is a 
fluid pressure on a second wall of the diffuser 15 

(4) in the other direction of the shaft (33) in the 
vicinity of the inlet of the diffuser (4); 

a differential pressure detection means which 
is connected to the hub side pressure detec- 
tion means (11) and the shroud side pressure 20 
detection means (12). and detects the differen- 
tia) pressure therebetween; and 
a control means (106) which receives a signal 
representing the detected differential pressure 
from the differential pressure detection means 25 
(13), and compares the detected differential 
pressure with a set differentia] pressure before- 
hand set so as to be lower than a surging 
differential pressure between the hub side 
pressure and the shroud side pressure at an 30 
occurrence time of surging, and outputs a sig- 
nal for stopping the centrifugal compressor 
when the detected differential pressure be- 
comes higher than the set differential pressure. 

35 

9. In a surging prevention device for a centrifugal 
compressor including an impeller (3) mounted 
on a shaft (33). a housing (1) which accom- 
modates the impeller (3) and a drffuser (4) 
formed so that an inlet of the diffuser (4) 40 
confronts the outer periphery of the impeller 

(3) , suction vanes (5) and a vane opening 
adjustment mechanism (16) for adjusting open- 
ing of the suction vanes (5), the surging pre- 
vention device for a centrifugal compressor 45 
comprising: 

a hub side pressure detection means (11) for 
detecting a hub side pressure which is a fluid 
pressure on a first wall of the diffuser (4) in 
one direction of the shaft (33) in the vicinity of so 
the inlet of the diffuser (4); 
a shroud side pressure detection means (12) 
for detecting a shroud side pressure which is a 
fluid pressure on a second wall of the diffuser 

(4) in the other direction of the shaft (33) in the 55 
vicinity of the inlet of the diffuser (4); 

a differential pressure detection means which 
is connected to the hub side pressure detec- 



A2 24 

tion means (11) and the shroud side pressure 
detection means (12). and detects the differen- 
tial pressure therebetween; and 
a control means (106) which receives a signal 
representing the detected differential pressure 
from the differential pressure detection means 
(13), and compares the detected differential 
pressure with a predetermined surging differ- 
ential pressure between the hub side pressure 
and the shroud side pressure at an occurrence 
time of surging, and outputs a signal for stop- 
ping the centrifugal compressor when the de- 
tected differential pressure becomes higher 
than the predetermined surging differential 
pressure. 
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